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1 INTRODUCTION 

2 PRELIMINARY INVESTIGATIONS 
2.1 BACKGROUND 
Embedded length, lb, is one of the most influential variables on the strength of GiR. A 
preliminary study was performed to assess how embedded length affected the pull-out strength 
of glued-in BFRP rods in solid C16 Irish Sitka spruce (Picea sitchensis) [7].  Pull-out strength 
can be used as a measure of the strength of a GiR. The pull-out test system used was a pull-
bending set-up as illustrated in Figure 1. The pull-bending system allows bending strength of the 
GiR connection to be evaluated by removing the timber in the section being loaded so that the 
only resistance is from the BFRP bars glued-in to the timber. 
Figure 1: Pull-bending pull-out test set-up 
 
 2.2 PRELIMINARY RESULTS 
Specimens were tested to structural failure. Pull-out strength was measured via the load cell on 
Figure 2: Pull-bending strength with increasing embedded length 
the testing apparatus and verified by a strain gauge on the BFRP rod at mid-span. As anticipated, 
and shown in Figure 2, an increase in pull-out strength was observed with an increase in 
embedded length.  Between the shortest embedded length of 6.6dr (80mm) and the longest length 
of 50dr (600mm) the pull-out strength increased by a factor of 2.13.  This was as expected since 
the larger interface area with each increase in embedded length provides additional resistance to 
the applied loading. 
The German National Annex to Eurocode 5 (DIN 1052:2008 [12]), presented in Equation (1) 
provides a consistent prediction of the pull-out strength, Pu, of a GiR, illustrated in Figure 2, 
which is typically 10kN lower than the measured load. This prediction is used in Section 4 in the 
calculation of the strength of the partial portal frame corners. 
Pu = π · d · lb · fk1,d    (1) 
where: 
d  = nominal diameter of the rod (mm) 
lb  = embedded length of rod (mm) 
fk1,d  = design value of the bondline strength (N/mm
2) 
 
The design value of the bondline strength, fk1,d, is found using Equation (2): 
fk1,d = 4.0 N/mm
2   for lb ≤ 250mm  (2) 
fk1,d = 5.25 - 0.005·lb  for 250 < lb ≤ 500mm 
fk1,d = 3.5 - 0.0015·lb  for 500 < lb ≤ 1000mm 
 3 DESIGN OF MOMENT CONNECTION WITH GLUED-IN RODS (GIR) 
Within this section GiR will be used to design and create moment resistant connections which 
would typically appear in portal frame connections.  The theoretical capacity of such connections 
will be determined followed by presentation of the outcome of experimental investigation on 
partial portal frames of the same size. 
3.1 DEVELOPMENT OF THEORY 
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3.2 EXAMPLE OF MOMENT STRENGTH CALCULATION 

Thus it has been shown that for the specimen described above the moment capacity of the 
assembly has been predicted to be 43.1kNm.  Following this development of predicted 
capacities, partial portal frames were manufactured to determine their actual capacity. 
  
4 LABORATORY TESTING OF PARTIAL PORTAL FRAMES 
4.1 SPECIMEN DETAILS AND FABRICATION 
Figure 4: Frame corner dimensions 
Table 2: Specimen specification 
Set ID 
Flange Material 
Web Material No. Rods 
No. 
specimens 
OFC_3 C16 Solid timber OSB/3 3 3 
PFC_3 C16 Solid timber Ply Grade III 3 3 
PFC_2 C16 Solid timber Ply Grade III 2 3 
 

4.2 TEST SETUP 
Specimens were tested in a UKCAS calibrated 600kN hydraulic Dartec actuator as shown in

4.3 EXPERIMENTAL RESULTS 
4.3.1 DEFLECTION 
 4.3.2 FAILURE MODES 
Table 3: Failure modes observed for each set 
Set ID Failure Mode 
OFC_3 Web failure 
PFC_3 Web failure and Connection failure 
PFC_2 Connection failure 
4.3.3 ULTIMATE STRENGTH 
OFC_3_001 10.1 17.1 
0.27 
OSB web 
OFC_3_002 12.4 21.0 OSB web 
OFC_3_003 19.0 32.1 OSB web 
     
PFC_3_001 28.1 47.6 
0.23 
Ply web and 
tension failure 
PFC_3_002 24.0 40.6 Tension failure 
PFC_3_003 41.0 69.3 Tension failure 
     
PFC_2_001 28.7 48.5 
0.04 
Rod pull-out 
PFC_2_002 31.0 52.5 Rod pull-out 
PFC_2_003 31.1 52.5 
Tension failure 
around rod 
4.3.4 STRAINS 
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 4.4 COMPARISON OF THEORY AND EXPERIMENTAL FINDINGS 
5 CONCLUSIONS 
 
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